Abstract: Schefflera octophylla (Lour.) Harms, a kind of traditional Chinese medicine (TCM), is commonly used for anti-inflammatory, analgesic, rheumatism, fever, and hemostasis therapy. In our previous studies, two major triterpenoids were isolated and identified from leaves of S. octophylla, and evaluated for their inhibitory effects on lipopolysaccharide (LPS)-induced nitric oxide production in RAW264.7 cells; both of them displayed significant anti-inflammatory activities at their noncytotoxic concentrations. Therefore, it is very useful to establish an efficient and green extraction method to isolated the two major triterpenoids from leaves of S. octophylla. In this paper, ionic liquid based ultrasonic-assisted extraction (ILUAE) was successfully applied to extract the two major triterpenoids from leaves of S. octophylla. Four single factors (ionic liquids (ILs) concentration, solid-liquid ratio, centrifugal speed, mesh number), with a greater impact on extraction rate, were selected from a variety of influencing factors, and the optimal conditions were obtained by Box-Behnken response surface methodology (RSM). Under optimal conditions, the total extraction yield and extraction rate of two triterpenoids were 288.03 mg/g and 28.80%, respectively, which was 6.80% higher than that of 70% Ethanol (220 mg/g and 22%, respectively).
Introduction
Schefflera octophylla (Lour.) Harms, belonging to the Araliaceae family, is distributed mainly in Guangxi, Guangdong, Fujian, and Yunnan provinces in China. It is widely used as a folk medicine for the rheumatic pain, traumatic pain, and sore throat [1] . In recent years, pharmacological studies have shown that S. octophylla has a variety of biological activities, such as antitumor [2] , antivirus [3] , and anti-inflammatory [4, 5] effects. Previous phytochemical investigations have also revealed that triterpenoids were the main components and more than 40 triterpenoids were isolated from this plant [6] [7] [8] [9] [10] [11] [12] [13] . Among all these triterpenoids, 3α-hydroxy-lup-20(29)-ene-23,28-dioic acid (compound A) and 3α-hydroxy-lup-20(29)-ene-23,28-dioic acid (Figure 1) were the main components of S. octophylla. Moreover, our previous unpublished study indicates that compound A and compound B had significant anti-inflammatory activity, indicating anti-inflammatory activity. Therefore, it is meaningful to improve the extraction rate of compound A and compound B from leaves of S. octophylla.
28-O-[α-l-rhamnopyranosyl(1→4)-O-β-d-glucopyranosyl(1→6)]-β-d-glu-copyranoside (compound B)
There are many traditional methods in the extraction of active ingredients from TCM, such as immersion method, percolation method, frying method, and reflux extraction method. However, traditional extraction methods have many drawbacks such as being time-consuming, inefficient, and pollution to the environment. In recent years, ionic liquids (ILs), as a kind of novel solvents in the extraction of bioactive compounds, such as alkaloids [14] , flavonoids [15, 16] , glycosides [17] , and terpenoids [18] , have been successfully applied. The extraction of bioactive components from plants using ILs is promising as a green method, which could reduce the pollution of environment and improve the selectivity and extraction yields of target analytes. ILs as a new type of green organic solvent had good thermal and chemical stability, viscosity range, adjustable, and good solubility characteristics [19] . To our best knowledge, some assisted technologies could be coupled with ILs, such as microwave-assisted extraction (MAE) [20] , ultrasonic-assisted extraction (UAE) [21] , and ionic liquid-based negative pressure cavitation-assisted extraction (IL-NPCE) [22] . All these combined technologies exhibited marked improvements in the fields of extraction. Among them, ultrasound-assisted extraction has been successfully used for the extraction of the bioactive constituents from the plant materials [14] , which has many advantages, such as high reproducibility, reduction in extraction time, minimum solvent consumption and minimum energy output.
Response surface methodology (RSM), widely used for optimization of the extraction process of the bioactive ingredients, is an effective statistical technique for optimizing complex processes. It also allows more efficient and easier arrangement and interpretation of experiments compared with other methods [20] .
At present, the ionic liquids-based ultrasonic assisted extraction (IL-UAE) method has been proven as a more effective method in extracting various compounds from natural plants [14] [15] [16] [17] [18] . However, there is still no related report about the ionic liquids-based ultrasonic assisted extraction (IL-UAE) of compound A and compound B from leaves of S. octophylla. Thus, our study aimed to develop a rapid and efficient ionic liquids-based ultrasonic assisted extraction method (IL-UAE) combined with high performance liquid chromatography (HPLC) to determine the antiinflammatory active ingredients (compounds A and B). In this paper, the effects of seven single factors on extraction yield of target analytes were investigated, and then four single factors (concentration of ILs, solid-liquid ratio, centrifugal speed, and crushed mesh), with a greater impact on the extraction rate of the target analytes, were selected for further experimentation. Although the extraction yield could be affected by many factors and interactions, the response surface methodology (RSM) has been proven to be an efficient way to select optimum conditions [23] . In order to determine the optimal conditions, response surface method was applied to screen the single factor using Design-Expert 8.06 statistical analysis software. 
Results and Discussion

Effects of Compound A and Compound B on Cells Viability
A preliminary experiment was established, wherein compound A and compound B treatment was performed for 24 h, and RAW264.7 cell viability was decreased at 100 µmol/mL (p < 0.01) and 50 µmol/mL (p < 0.01) (Figure 2a,b) . Thus, the following experiments were performed within 100 µmol/mL of compound A and 50 µmol/mL of compound B. The results showed that the cell viability between compound A and compound B had some differences, which might be related to the three monosaccharides in c-28 of compound B.
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As shown in Figure 3a ,b, the level of NO in the lipopolysaccharide (LPS) group was significantly higher than that of the CON group (p < 0.05), which indicated that the inflammatory cell model was successfully constructed. When the concentration of compound A and B increased, the inhibition of NO releasing was significantly elevated, and presented a tendency of a concentration-dependent manner. The results implied that compound A and compound B both had significant antiinflammatory activity. However, the anti-inflammatory effects of the two compounds had some differences, which might be related to their structural differences. Compound B has three monosaccharides in c-28 compared with compound A, which might have an effect on its antiinflammatory activity. 
Selection of ILs
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Generally, the selection of appropriate extraction solvent is the first step of the whole analysis experiment. There were five conventional extraction solvents (ethyl acetate (EAC), acetonitrile (MeCN), water, methanol (MeOH), and 70% ethanol (70%EtOH)), which were used to extract the active ingredients from TCM. According to their different polarities and penetrating forces, chemical components suitable for extraction are not the same. In this paper, the data are shown in Figure 4a , which state clearly that the extraction yield with 70% ethanol (70%EtOH) was higher than those of other solvents (p < 0.05). Thus, 70%EtOH was the most suitable extraction agent for compounds A and B.
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As ionic liquid is the core factor of this experiment, it is extremely important to select the suitable ionic liquid type. In our previous study [24] [25] [26] [27] [28] [29] , four imidazole ILs
(1-butyl-3-methylimidazolium hexafluorophosphate), and [HMIM]PF6(1-Hexyl-3-methylimidazolium hexafluorophosphate)) could obviously improve the extraction yield. It was probably because of its stronger multi-interactions including π-π, ionic/charge-charge, and hydrogen bonding with those compounds [30] . The extraction yield of four kinds of ILs with 70% EtOH (the concentration of ILs: 0.6 mol/L) on target analytes is shown in Figure 4b , which displayed that the extraction rate of [BMIM]BF4/70%EtOH was obviously higher than those of other kinds of ILs with 70% EtOH (p < 0.05). In addition, the extraction rate of [BMIM]BF4/70%EtOH was also higher than that of 70% EtOH (p < 0.05). Thus, [BMIM]BF4 was selected for further study. 
Single Factor Experiments
Selection of the Concentrations of ILs
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Selection of Solid-Liquid Ratio
When the solid-liquid ratio was 1:20, the maximum extraction rate was reached. Experiments were carried out with a gradient of liquid-solid ratios (10, 20, 40, 60, 80 , and 100 mL/g). In Figure 5b , the extraction yields increased significantly from 20 to 40 mL/g, and when the ratio was 40 mL/g, the extraction rate of four compounds reached the highest, and then the extraction rate decreased with the continuous increasing of the liquid-solid ratios. This may be related to the physical properties of ionic liquid itself. The results affirmed that the liquid-solid ratio of 20 mL/g was optimal for the following experiment.
Selection of Mesh Number
Mesh number is one of the important factors that could significant influence the extraction rate 
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Selection of Mesh Number
Mesh number is one of the important factors that could significant influence the extraction rate of target analytes. As shown in Figure 5c , the extraction yields were increased with the increasing of mesh number, and the extraction rate of target analytes reached the maximum at 60 meshes, which was higher than others (p < 0.05). From 60 to 100 meshes, the extraction rate gradually decreased. The results indicated that ionic liquid may have some viscosity, which could lead to forming a cluster of the smaller particle sample, hindering the extraction effect [31] . Therefore, 60 meshes were selected for the subsequent experiment.
Selection of Ultrasonic Time
The data are shown in Figure 5d . In order to select the optimal ultrasonic time, ultrasonic times of 10, 20, 30, 40, 50, and 60 min were designed. The extraction rate of the target analytes basically showed a growth trend with the extension of the ultrasonic time. The extraction rate of the target analytes reached the maximum when the ultrasonic time was 40 min. However, from 40 to 60 min, the extraction rate displayed a downward trend. This may be because of the long ultrasonic time, which would destroy the structure of ILs [26, 27] . Therefore, the optimal ultrasonic time was 40 min.
Selection of Centrifugal Speed
Six different centrifugal speeds (3000, 4000, 5000, 6000, 7000, and 8000 r min −1 ) were designed to evaluate the effect of centrifugal speed on the extraction yield. The results are shown in Figure 5e . The extraction rate achieved the maximum at 6000 r min −1 , which was markedly higher than others (p < 0.05). Thus, the 4000 r/min was selected as the optimal centrifugal speed for the experiments.
Selection of Ultrasonic Power
The selection of ultrasound power was crucial for the experiment. In order to select the best ultrasound power, the effects of ultrasound power (100, 200, 300, and 500 W) were investigated. The effect of different ultrasonic power on extraction rate was regular. In Figure 5f , with the enhancement of the ultrasonic power, the extraction rate of the target analytes gradually increased. When the ultrasonic power was 500 W, the extraction rate of the target analytes reached the maximum, which was significantly higher than others (p < 0.05). It is probably because the plant tissues could be further broken by the shear force, which could significantly increase the permeability of solvent into plant cells and enhance the mass transfer rate [32] . Therefore, 500 W was selected for the subsequent single factor experiment.
Using Response Surface Method (RSM) to Optimize the Experimental Design
It is generally known that the extraction yield of target analytes is affected by multiple parameters, including the interactions of various factors on the extraction process. On the basis of various single factor assay, four single factors (concentration of ILs, solid-liquid ratio, centrifugal speed, and crushed mesh) were selected. To ascertain the optimum conditions for IL-UAE, the Box-Benhnken experiment designed with four-factors-three-levels was carried, using Design-Expert (DE) 8.0 software (Statease Inc., Minneapolis, MN, USA). Experimental factors and level design are shown in Table 1 . In order to determine the impact of various factors and their interactions on the extraction process, the data in Table 1 were fitted with multiple regression using Design The analysis of variance for the fitted quadratic polynomial model for optimization of extraction parameters is presented in Table 2 . The p-value for the model is p < 0.001, which indicated that the model was feasible. With very small p-values (p < 0.05), the results revealed that B, A 2 , B 2 , and C 2 were significantly correlated with the yield of target analytes. The "lack of fit" was not significant relative to the pure error (p > 0.05), and adeq precision was 7.258, greater than 4, suggesting that this model could be used to predict the outcome of the experiment. There is a 5.63% chance that a "lack of fit F-value" this large could occur as a result of noise. The 3D response surfaces are shown in Figure 6 , which shows the interactions of the four independent variables and the effect on extraction yield. In Figure 6a ,b,d, the interactions between the concentration of ILs and the solid-liquid ratio, centrifugal speed, and mesh number had significant effects on the extraction rate of target analytes. When the other factors were determined, with the increasing of the concentration of ILs, the extraction rate of the target analytes first increased and then decreased, and vice versa. This could be explained in that the concentration of ILs increased the viscosity of ILs solutions [31] , which affected the permeability of the ILs solution and the formation of mass transfer. In Figure 6c , from the sharpness of the response surface, we could see that the interaction between centrifugal speed and the solid-liquid ratio was significant. As we can see in Figure 6e ,f, the interactions between the mesh number and the solid-liquid ratio and centrifugal speed had little effects on the extraction rate of target analytes. According to the response surface analysis, the optimal conditions of the whole experiment were determined as follows: the mesh number was 48.26, the concentration of ILs was 0.78 mol/L, the solid-liquid ratio was 1:33.11, and the centrifugal speed was 5839.93 r/min. In light of the actual situation, the optimal conditions were changed as follows: the mesh number was 50, the concentration of ILs was 0.8 mol/L, the solid-liquid ratio was 1:30, and the centrifugal speed was 6000 r/min. Under the optimal conditions, the extraction yield of target analytes from leaves of S. octophylla was 288.03 mg/g. It was close to the prediction value. Thus, the response surface method (RSM) was accurate and reliable.
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Comparison with Conventional Solvents Extraction
In this study, we established the ILs-UAE method, and then selected and established the optimal extraction conditions of various single factors through response surface method (RSM). Under the optimal conditions, the content and extraction rate of S. octophylla, using 70% EtOH, were 220 ± 1.75 mg/g and 22%, respectively. [BMIM]BF4/70%EtOH was used as the solvent, and the content and extraction rate of S. octophylla could reach 288.03 ± 1.78 mg/g and 28.80%, respectively, which was 6.80% higher than that of 70% EtOH. It became clear from the results that the extraction rate of [BMIM]BF4/70%EtOH improved significantly when compared with that of 70% EtOH. 
Method Validation
Comparison with Conventional Solvents Extraction
In this study, we established the ILs-UAE method, and then selected and established the optimal extraction conditions of various single factors through response surface method (RSM). Under the optimal conditions, the content and extraction rate of S. octophylla, using 70% EtOH, were 220 ± 1.75 mg/g and 22%, respectively. [BMIM]BF4/70%EtOH was used as the solvent, and the content and extraction rate of S. octophylla could reach 288.03 ± 1.78 mg/g and 28.80%, respectively, which was 6.80% higher than that of 70% EtOH. It became clear from the results that the extraction rate of [BMIM]BF 4 /70%EtOH improved significantly when compared with that of 70% EtOH.
Method Validation
To develop the standard curve of target analytes, five different concentration levels of the standard solutions were analyzed. The regression equations, correlation coefficients, and linear ranges are listed in Table 3 . The linearity was considerably good, with a regression coefficient greater than 0.999 and 0.994. In order to evaluate the experiment method of IL-UAE, four parameters (reproducibility, precision, stability, and recovery) were determined under the optimized conditions. The reduced swing differential signal (RSDs) values of target analytes were 0.49% and 0.73%, which indicated that the precision was acceptable and the instrument accurately measured the amount of the target analytes. The evidence of 1.74% and 1.11% from the RSDs of the method stated clearly that such an approach had good reproducibility and was reliable. The recovery rates of target analytes from dried leaves of S. octophylla were 101.69% and 98.47%, respectively. The RSDs values were 1.88% and 0.92%. The RSDs were 1.69% and 0.63%, with the time at 1, 3, 6, 9, 12, 20, and 24 h, respectively. The results demonstrated that the sample solution was relatively stable at room temperature within 24 h. 
Cell Culture and Treatment
RAW264.7 macrophages were purchased from Shanghai Institutes for Biological Sciences (Chinese Academy of Sciences, Shanghai, China). The cells were cultured in DMEM (Dulbecco's modified Eagle's medium) with 10% FBS (fetal calf serum), 100 U/mL penicillin, and 100 µg/mL of streptomycin. The experimental group treated with different concentrations of compound A and compound B. The blank control group was culture medium and the positive control group was culture medium + LPS (1 µg/mL).
Cell Viability Assay
RAW264.7 cells were cultured in 96-well plates (1 × 10 5 cells/mL) and incubated at 37 • C and 5% CO 2 for 24 h. The cells were treated with various concentrations of compound A and compound B. When 10 µL of MTT solution was added to each well, succinate dehydrogenase in mitochondria of living cells was reduced to water-insoluble blue-purple crystallize, which had the best absorption at 490 nm.
Nitric Oxide (NO) Assay
RAW 264.7 cells were cultured in 24-well plates (1×10 6 cells/mL) and treated with different concentrations of compound A and compound B for 24 h. The supernatant was collected to determine the levels of NO using the nitric oxide kit.
Preparation of the Standard Solution and Test Sample Solution
Certain amounts of compound A and compound B were weighed and dissolved with methanol, at a concentration of 7.068 mg/mL and 0.49 mg/mL, which was mixed as the standard solution.
Then, 50 mg of leaves of S. octophylla was weighed and dissolved in 1 mL of extraction solution (70% EtOH and ILs), after which the sample was ultrasonic treated for 30 min at room temperature and centrifuged for supernatant, which was filtered by a 0.22 µm organic microporous membrane to obtain the sample solution. In the experiment, variables of ILs types, the concentration ILs, particle size, sample-solvent ratio, ultrasonic time, ultrasonic power, and centrifugal speed were evaluated in turn. Each test was performed in parallel in triplicates.
Graphic Conditions
The HPLC conditions are shown in Table 4 . Under this chromatographic condition, The HPLC chromatograms of the standard solution and the sample solution are shown in Figure 7 . The peak retention time of compound A and compound B in the sample was in accordance with the peak retention time of mixed standard. The separation degree of compound A and compound B was good in the sample, at 0.752 and 1.015, respectively. chromatograms of the standard solution and the sample solution are shown in Figure 7 . The peak retention time of compound A and compound B in the sample was in accordance with the peak retention time of mixed standard. The separation degree of compound A and compound B was good in the sample, at 0.752 and 1.015, respectively. 
Statistical Analysis
All the experimental data were expressed as mean ± standard deviation (SD). Statistical analysis was performed with the SPSS19.0. Comparison between any two groups was evaluated using one-way analysis of variance (ANOVA). Design Expert 8.0 (DE, Statease Inc., Minneapolis, MN, USA) was used to analyze the experimental data and obtain the response models.
Conclusions
To the best of our knowledge, this was the first time that investigators used the method of ionic liquid-ultrasonic assisted extraction and to measure the extraction yields of two main anti-inflammatory triterpenoids in leaves of S. octophylla. The optimal conditions were set up as follows: 50 mesh powders, concentration of ILs was 0.8 mol/L, the ultrasonic time was 40 min, the solid-liquid ratio was 1:30, and centrifugal speed was 6000 r/min. Under these conditions, the extraction rate of compound A and compound B in leaves of S. octophylla was increased by 6.80% compared with the traditional methods.
